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(57) ABSTRACT

A retractor includes a pretensioner whereby increased control
and variation over the load limitation characteristics of the
retractor are provided. The seat belt and spool are linked to a
locking mechanism through a first force limiting element,
while the pretensioner 1s linked to the seat belt and spool
through a second force limiting element. Both the first and
second force limiting elements are employed during a load
limiting phase of the retractor.

21 Claims, 5 Drawing Sheets
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1
RETRACTOR WITH PRETENSIONER

CROSS-REFERENCE TO RELATED PATENT
APPLICATIONS

This patent application 1s a continuation-in-part of corre-
sponding U.S. patent application Ser. No. 10/968,504, filed

Oct. 19, 2004 now U.S. Pat. No. 7,318,607, and 1s also a
continuation-in-part of corresponding U.S. patent application

Ser. No. 11/115,583, filed Apr. 277, 2005. All of the foregoing

applications are hereby incorporated by reference 1n their
entirety.

FIELD OF THE INVENTION

The present mnvention relates generally to seat belt restraint
apparatus for restraining an occupant of an automobile, and
more particularly relates to a retractor having a pretensioner
tor controlling load limitation aspects of the restraint system.

BACKGROUND OF THE INVENTION

Seat belt restraint systems for automobiles often include a
pretensioner which 1s structured to apply tension to the seat
belt when an impact event such as an accident situation 1s
detected. When the pretensioner is activated, the pretensioner
climinates any slack in the seat belt, and thus controls the
physical space between the occupant and the seat belt. In this
manner, the occupant of the seat 1s coupled with the seat belt
as the occupant initially moves forward relative to the seat,
thereby controllably restraining the occupant, reducing occu-
pant excursion, and preventing undue loads when the occu-
pant moves forwardly into the seat belt.

A retractor 1s another standard component of a seat belt
restraint system which includes a spool receiving the webbing,
material ol the seat belt. The spool 1s used to wind up and store
the webbing. Generally, the spool 1s locked in place upon
detection at an 1mpact situation 1n order to restrain the occu-
pant via the seat belt. Recently, retractors have been designed
having one or more force limiting elements which are struc-
tured to allow the spool to rotate and pay out the webbing
material of the seat belt upon reaching predetermined force
levels between the occupant and seat belt. In this manner, the
restraint force imposed on the occupant can be limited 1n a
controlled manner, thereby providing a certain load limitation
characteristics.

Despite these and other improvements to automobile
restraint systems, there remains a need to provide a retractor
that includes a pretensioner while providing increased control
and variation over the load limitation characteristics of the
restraint system.

BRIEF SUMMARY OF THE INVENTION

The present invention provides a retractor having a preten-
sioner that provides increased control and variation over the
load limitation characteristics of the restraint system. The
retractor generally includes a spool recerving a portion of the
seat belt wound thereon, which is rotatable to retract or pay
out the seat belt. A first force limiting element 1s connected to
the spool, and a locking mechanism 1s operatively connected
to the spool through the first force limiting element to prevent
paying out of seat belt, such as during an impact event. How-
ever, the first force limiting element provides some limited
paying out of the seat belt in order to control the belt forces
imposed on the occupant. A second force limiting element 1s
connected to the spool. The pretensioner has a drive mecha-
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nism operatively connected to the spool through the second
force limiting element. The retractor 1s operable in at least two
modes upon detection of an impact event, including a first
load limiting mode and a second load limiting mode. In the
first mode, the locking mechanism 1s activated to limit belt
force through the first force limiting element. In the second
mode the drive mechanism of the pretensioner 1s activated to
retract seat belt onto the spool and blocked to limit force
through the second force limiting element, and the locking
mechanism 1s activated to limit belt force through the first
force limiting element.

According to more detailed aspects, the second load lim-
iting mode includes a pretensioning phase wherein the drive
mechanism of the pretensioner rotates the spool to retract the
seat belt, and a load limiting phase wherein the drive mecha-
nism 1s blocked throughout the entire load limiting phase. The
pretensioner drive mechanism substantially maintains its
position throughout the entire 1mpact event. The load limita-
tion of the first and second force limiting elements are super-
imposed during the entire second load limiting mode. The
first load limiting mode provides low load limitation, while
the second load limiting mode provides either high constant
load limitation or degressive load limitation as determined by
the construction of the second force limiting element. Pret-
erably the first and second force limiting elements are torsion
bars that twist under a predetermined load.

According to still further detailed aspects, the pretensioner
drive mechanism may be an electric motor or may include a
pyrotechnic charge. When an electric motor 1s used, the sec-
ond load limiting element 1s capable of transmitting a prede-
termined amount of force, and the motor maintains a drive
force about equal to the predetermined amount of force dur-
ing the load limitation phase. Alternatively, the drive mecha-
nism may include a one-way locking element. The one-way
locking element 1s activated only upon activation of the drive
mechanism, and preferably includes a spring biased lever.
The one-way locking element may be originally maintained
in an unlocked position by a retaining tap whereby activation
of the drive mechanism causes a moving element to engage
the retaining tap and release the one-way locking element to
its locked position.

According to another embodiment of the present invention,
a method for restraining an occupant of an automobile 1s
provided. The method includes steps of providing a retractor
having a pretensioner, preferably of the construction noted
above. The method further includes steps of activating the
drive mechanism of the pretensioner upon detection of an
impact event to retract the seat belt onto the spool, and main-
taining the position of the drive mechanism of the preten-
s1oner to provide load limitation via the second force limiting
clement.

BRIEF DESCRIPTION OF THE DRAWINGS

The accompanying drawings incorporated in and forming
a part of the specification illustrate several aspects of the
present invention, and together with the description serve to
explain the principles of the mvention. In the drawings:

FIG. 1 1s a cross-sectional view of a retractor constructed in
accordance with the teachings of the present invention;

FIG. 2 1s a graph depicting the belt load over time 1n the
retractor of FIG. 1;

FIG. 3 1s another graph depicting the belt load over time 1n
the retractor of FIG. 1;

FIG. 4 1s yet another graph depicting the belt load over time
in the retractor of FIG. 1;
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FIG. 5 1s a schematic view, partially 1n cross-section, of
another embodiment of the retractor constructed 1n accor-
dance with the teachings of the present invention; and

FIG. 6 1s a schematic view, partially 1n cross-section, of yet
another embodiment of a retractor constructed in accordance
with the teachings of the present invention.

DETAILED DESCRIPTION OF THE INVENTION

Turning now to the figures, FI1G. 1 depicts a cross-sectional
view ol a retractor 20 constructed 1n accordance with the
teachings of the present invention. The retractor 20 1s adapted
for an automobile having a seat belt 22 restraining an occu-
pant (not shown). As 1s known 1n the art, the vehicle includes
an 1mpact sensor 24 sending a signal 26 indicative of an
impact event such as a crash event. Any impact sensor that 1s
or will be known to those skilled in the art may be readily
employed 1n conjunction with the retractor 20 of the present
invention. An electronic control unit 28 such as a central
processing unit (CPU) or other controller recerves the signal
26 and controls the vehicle’s response to the same.

Generally, the retractor 20 includes a pretensioner 30
formed with the retractor 20. As 1s known 1n the art, during
normal use the retractor 20 1s used to wind up the seat belt 22
about a spool 34. The spool 34 1s coupled to a first force
limiting element 36, which preferably comprises a torsionrod
or torque bar, as 1s also known 1n the art. It will be recognized
that other types of force limiting elements other than torsion
rods may be employed in conjunction with the present inven-
tion, including sleeves, rings or tubes. The first force limiting,
clement 36 generally includes a first end 38 and a second end
40. The first end 38 1s connected to the spool 34 viaa coupling
42, while the second end 40 1s connected to a profiled head 44
via another coupling 46. Preferably, the coupling 42 1s con-
structed as a low-profile spline as disclosed in U.S. patent
application Ser. No. 11/008,308 filed Dec. 9, 2004, the dis-
closure of which i1s incorporated herein by reference 1n 1ts
entirety.

The retractor 20 further includes an end assembly 48 which
includes a locking mechanism that selectively engages the
profiled head 44 and second end 40 of torsion bar 36 during an
impact event such as a vehicle collision, providing an “emer-
gency locking retractor’” function as 1s well known 1n the art.
For example, end assembly 48 1s of the type disclosed in U.S.
Pat. Nos. 6,616,081; 6,012,667; and 5,924,641, the disclo-
sures of which are hereby incorporated by reference 1n their
entirety. Through blocking of the profiled head 44, the spool
34 is prevented from rotating and the occupant 1s restrained
by the seat belt 22. However, the retractor 20 and first force
limiting element 36 also provide a low load limitation func-
tion 1n order to limait the restraint force imposed on the occu-
pant. Upon reaching a predetermined restraint force, the
spool 34 will begin to rotate and “pay out” the seat belt 22 by
actuation of the first force limiting element 36. That 1s, upon
reaching a predetermined force, the torsion rod 36 will twist
to allow some rotation of the spool 34 (as well as coupling 42
and first end 38) relative to the profiled head 44 (and hence
relative to coupling 46 and second end 40) which 1s fixed by
the locking mechanism of end assembly 48. In this manner, a
first load limitation characteristic 1s provided by the torsion of
the first force limiting element 36 to allow limited pay out of
the seat belt 22 wound on the spool 34.

Also shown 1n FIG. 1, the pretensioner 30 1s provided for
pretentioning the seat belt 22 through the retractor 20. The
pretensioner 30 1s activated by the electronic control unit 28
via a pretension signal 50. In particular, a drive mechanism 52
1s actuated to effectuate rotation of the spool 34 via a second
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force limiting element 54. A first end 56 of the second force
limiting element 54 1s connected to the spool 38 via the shared
coupling 42, although 1t will be recognized that the first end
56 may be directly attached to the spool 34 or include 1ts own
coupling. The second end 58 of the second force limiting
clement 54 1s connected to an end cap 60 via a coupling 62.
The end cap 60 1s rotatable relative to the spool 34, and the
friction therebetween 1s controlled by design, as discussed
turther herein. A pinion 64 1s connected between the end cap
60 and the drive mechanism 32, whereby the clutch 64 selec-
tively engages the end cap 60 upon activation of the drive
mechanism 52.

It will be recognized by those skilled 1n the art that while
the first ends 38, 56 of the first and second force limiting
clements 36, 54 are located adjacent each other and are rigidly
connected to the spool 34, the second force limiting element
54 and the pretensioner 30 could be connected to the second
end 40 of the first force loading element 36, and more spe-
cifically connected to the profiled head 44. It will also be
recognized that the first and second load limiting elements 36,
54 may be formed out of a single torsion bar wherein the
opposing Iree ends of the bar would be selectively blocked
(e1ther via the locking mechamism or the pretensioner drive
52) to cause load limitation through the force limiting ele-
ments 36, 54. Further, the second force limiting element 54
could be a hollow tube which slides around a reduced diam-
cter end of the torsion rod 36 forming the first force limiting
clement 36.

The retractor 20 1s operable 1n at least two modes upon
detection of an impact event. In a first load limiting mode, the
pretensioner 30 1s not activated while the tread head 44 1s
blocked by the locking element of end assembly 48. Accord-
ingly, rotation of the spool 34 1s blocked through the first load
limiting element 36 and tread head 44, providing a first load
limitation characteristic described further below. In a second
load limiting mode, the pretensioner 30, and particularly 1ts
drive mechanism 52, 1s activated in addition to the blocking of
the tread head 44. Accordingly, rotation of the spool 34 1n the
second mode 1s blocked through both the first and second load
limiting elements 36, 54, providing a second load limitation
characteristic also described further below.

The second load limiting mode includes a pretensioning,
phase and a load limiting phase. In the pretensioning phase,
the slack between the seat belt 22 and the occupant 1s
removed. In the load limiting phase, a limited amount of seat
belt 22 1s paid out 1n order to control the level of belt force
imposed on the occupant during the crash event. Upon deter-
mination ol an impact event, either via the crash sensor 24 or
a separate sensor incorporated 1nto the pretensioner 30, the
drive mechanism 352 drives the pinion 64 and end cap 60 to
rotate the second force limiting element 34, which 1n turn
rotates the spool 34 1 a direction to wind up the seat belt 22
and remove any slack between the occupant and the seat belt
22. The second force limiting element 354 1s preferably
designed as a torsion rod, and preferably 1s capable of trans-
mitting the pretentioning force from the drive mechanism 52
without significant deformation, although this 1s not required
and the second torsion rod 54 may be partially deformed (i.e.
loaded) during pretensioning.

In the load limiting phase of the second mode, after acti-
vation of the pretensioner 30 and in addition to blocking the
tread head 44 to employ the first force limiting element 36, the
end cap 60 1s held 1n place such that any rotation of the spool
34 to pay out seat belt 22 will require deformation of the
second load limiting element 54 (i.e. rotation of the coupling
42 and first end 56 relative to the coupling 62 and second end

58). When both the profiled head 44 and the end cap 60 are
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held 1n place, a second load limitation characteristic 1s pro-
vided through the combination of first force limiting element
40 and second force limiting element 50, which in this
embodiment are superimposed.

The load limitation characteristics provided by the retrac-
tor 34 and pretensioner 30 will now be described with refer-
ence to the graphs depicted 1n FIGS. 2, 3 and 4 which present
idealized data. In the figures, the Y-axis represents belt load
while the X-axis represents time, and 1n FIG. 2 the dotted line
66 represents the low constant load limitation characteristic
(preferably 1n the range of 2 kN to 3 kN) obtained when the
pretensioner 30 1s not activated, and hence the second force
limiting element 58 1s not effective, since both its ends 56, 58
are free to rotate. When the pretensioner 30 1s activated, both
the first and second force limiting elements 36, 54 are
employed (since the pretensioner 30 blocks end 58 of the
second force limiting element 54) to control the pay out of
seat belt 22 by rotation of the spool 34, and thus a second load
limitation characteristic 1s provided and 1s indicated by line
68 in the graph of FIG. 2. Thus, the second load limitation
characteristic 64 shows a high constant load limitation which
1s preferably in the range of 5 kN to 6 kIN.

It will be recogmized by those skilled 1n the art that by
employing two force limiting elements 36, 54, various other
load limit characteristics may be achieved. In FIG. 3, the
second load limitation characteristic 68 1s provided with
degressive load limitation. In particular, aiter reaching a pre-
determined belt load at point 69, the second load limitation
characteristic 68 begins to decrease 1n any one of a number of
manners, some of which are shown as lines 68a, 685 and 68¢.
In order to provide this degressive load limitation, the second
force limiting element 54 may be provided with various
shapes or constructed of various materials which result 1n
degressive load limits over time.

Similarly, and as shown in F1G. 4, the second force limiting
clement 54 may be superimposed on the first force limiting
clement 36 until a pre-selected number of spool rotations are
reached. Then, the second force limiting element 34 1s
decoupled from the spool 34, preferably by shearing oif the
coupling 62 (or even the coupling 42), or alternatively by
designed failure of the second force limiting element 54. In
this manner, the second load limitation characteristic 68 will
follow 1ts standard course to a predetermined belt load 69,
which will be maintained for a period of time and/or a number
ol spool rotations until point 67, at which time the limitation
on the belt load will be reduced to a level close to the force
level provided by the first load limitation characteristic 66.
The difference between the first and second load limitation
characteristics 66, 68 beyond point 67 represents the level of
friction between the end cap 60 and spool 33, which may be
designed to provide a specific amount of load limitation.
More specifically, the pretensioner 30 and 1ts drive mecha-
nism 52 are still blocked, resulting in relative rotation
between the end cap 60 and the spool 34. In this manner, a
degressive load limitation may be provided for the second
load limitation characteristic 68 via the second force limiting
clement 54, which 1s disconnected upon a predetermined
number of spool rotations. It will also be recognized that a
progressive load limitation could also be provided through
design of the force limiting elements.

The present invention contemplates that various preten-
sioner devices and drive mechanisms may be coupled to the
retractor 20 to provide pretensioning of the seat belt 22 and
activation of the second force limiting element 54. For
example, the pretensioner may be an electric motor or may be
of the type having a driving mechanism that includes a pyro-
technic charge. One exemplary pretensioner 1s described in
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U.S. Pat. No. 5,881,962, the disclosure of which 1s incorpo-
rated by reference herein 1n its entirety. Generally, 1gnition of
the pyrotechnic charge or other combustible material creates
a pressure 1 a chamber, which forces motion 1n a dnving
clement such as a piston, rack, or series of elements such as
balls. The driving element moves past a rotatable pinion or
other force transmission device that 1s attached to the spool
having the seat belt wound thereon, thereby causing retrac-
tion of the seat belt to remove slack between the belt and the
occupant. After ignition, pressure in the chamber 1s main-
taimned, such that the continued engagement of the driving
clement and the force transmission device (1.e. pinion) blocks
any further protraction of the seat belt. Preferably, the pres-
sure in the chamber 1s maintained by employing a driving,
clement having specially designed sealing rings, examples of
which are shown in FIGS. 7 and 8. In FIG. 7, the driving
clement 374 includes a core 375 and two arcuate sealing rings
376, while 1n FIG. 8 the driving element 474 1ncludes a core
475 multiple sealing rings 476 having tapered ends 477.
Accordingly, 1t can be seen that the normal blocking of a
pyrotechnic pretensioner used in the retractor 20 of the
present mvention results 1n the blocking of one end of the
second force limiting element 54, thereby affecting the load
limitation characteristics.

It will also be recognized that additional means may be
provided to assist 1n blocking the pretensioner. For example,
and with reference to FIG. 5, an alternate embodiment of the
retractor 120 1s shown, schematically, including a pyrotech-
nic pretensioner device 130 constructed 1n accordance with
the teachings of the present invention. Pretensioner 130 1s
coupled to the second force limiting element 154 via a pinion
164. The pinion 164 includes a plurality of teeth 170 which
cooperatively engage teeth 172 on a pretensioner rack 174. It
will be recognized that the teeth 170 do not mitially engage
teeth 172, thereby allowing the pinion 164 to freely rotate
during normal operation. Alternatively, a clutch could be
employed between the pinion 164 and the second force lim-
iting element 154.

A drive mechamism 1352 includes a combustion chamber
176 having a pyrotechnic charge 178 or other combustible
material provided adjacent the rack 174, as 1s well known 1n
the art. Upon activation of the pyrotechnic charge 178, the
material expands to force the rack 174 linearly, in a downward
direction in the figure as indicated by the lined arrow. The
linear translation of the rack 174 1s converted to a rotational
movement of pinion 165 by the meshing engagement of teeth
170 of pinion 1635 with teeth 172 of pretensioner rack 174. As
pretensioner rack 174 1s driven downward, pimion 165 1s
rotated 1 a direction indicated by the curved line arrow,
thereby causing rapid winding of seat belt 122 onto the spool
and hence pretensioning the seat belt 122.

In order to assist in the activation of the second force
limiting member 154 during the load limiting mode of the
retractor 120, the pretensioning rack 174 further includes a
rack lock member 180. Rack lock member 180 1s configured
to engage one of a plurality of notches 182 disposed 1n hous-
ing 184 of pretensioner 132. A spring 186 1s provided
between rack 174 and lock member 180 to bias lock member
180 toward the plurality of notches 182 and thereby prevent
upward movement of the rack 174. As such, the lock member
180 15 a one-way locking element. Thus, as the rack 174 1s
driven downward, lock member 180 travels over the plurality
of notches 182 and comes to rest in one of the notches when
rack 174 stops moving. The locking of the rack 174 prevents
rotation ol pimion 165 and effectively locks the end cap 160 to
prevent protraction of the seat belt 122 from retractor 120 and
its spool. Of course, protraction of the seat belt 122 may still
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occur due to the twisting or torquing of second force limiting
clement 154 under loading of the seat belt 122 by the vehicle
occupant.

Referring now to FIG. 6, another alternate embodiment of
the retractor 220 1s shown, schematically, including a differ-
ent pretensioner device 230, constructed in accordance with
the teachings of the present invention. The pretensioner 230 1s
coupled to a pinion 264, which 1n turn 1s connected to the
second force limiting element 254. Pinion 264 1s rotated by a
drive mechanism 252 having pyrotechnic charge (not shown)
as 1n the embodiment above. Here, the drive mechanism
induces movement of pretensioner balls 274 through a roto
pretensioner tube 284. The pretensioner tube 284 extends
along the pinion 264 which includes recesses 270 sized to
receive the balls 274. After firing the pretensioner 230, the
leading ball 122 rotates the pinion 264 1n order to 1nitiate seat
belt retraction (pull-in), as indicated by the curved lined
arrow.

After passing the pinion 264, the leading ball shears off the
retaining tap 288 of pinion lock 290. The retaining tap 288
holds a locking lever 292 1n an unlocked position. The shear-
ing oil the retaining tap 288 releases the locking lever 292,
which 1n turn 1s pushed by a lever spring 294 onto a toothed
contour 296 of the pinion 265. The geometry of the lever 292
in conjunction with the lever spring 294 allows the pinion 265
to rotate 1n the pretensioning direction (pull-in) but blocks it
in the load limiter direction (webbing protraction or pull-out).
As such, the locking lever 292 1s a one-way locking element.
Of course, protraction of the seat belt may still occur due to
the twisting or torquing of second force limiting element 254
under loading of the seat belt by the vehicle occupant.

It will be recognized by those skilled 1n the art that the
retractor of the present invention provides increase adaptabil-
ity and control over the load limitation characteristics
imposed by the retractor and seat belt on an occupant, by
providing additional load limitation through a second force
limiting element and activation of the pretensioner. Further,
the retractor reduces or eliminates “locking dip”, which as
used 1n the industry describes the phenomena of loss of belt
load when the torque load 1s transferred from the pretensioner
to the blocking element which blocks the profiled head to
activate the force limiting element. By activating the preten-
sioner, and maintaining the activation of the second force
limiting element while the first force limiting element 1s acti-
vated through blocking of the tread head, “locking dip” 1s
substantially eliminated.

The foregoing description of various embodiments of the
invention has been presented for purposes of 1llustration and
description. It 1s not intended to be exhaustive or to limait the
invention to the precise embodiments disclosed. Numerous
modifications or variations are possible 1n light of the above
teachings. The embodiments discussed were chosen and
described to provide the best illustration of the principles of
the invention and its practical application to thereby enable
one of ordinary skill in the art to utilize the mvention 1n
various embodiments and with various modifications as are
suited to the particular use contemplated. All such modifica-
tions and variations are within the scope of the invention as
determined by the appended claims when interpreted in
accordance with the breadth to which they are fairly, legally,
and equitably entitled.

The mvention claimed 1s:

1. A retractor for a seat belt restraining system for restrain-
ing an occupant of an automobile having a sensor detecting an
impact event, the retractor comprising:

a spool recerving a portion of the seat belt;

a first force limiting element connected to the spool;
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a locking mechanism operatively connected to the spool
through the first force limiting element;

a second force limiting element connected to the spool;

a pretensioner having a drive mechanism operatively con-
nected to the spool through the second force limiting
element; and

the retractor operable 1n at least two modes upon detection
of an 1mpact event including,

a first load limiting mode wherein the locking mecha-
nism 1s activated to limit belt force through the first
force limiting element, and

a second load limiting mode, wherein the drive mecha-
nism of the pretensioner 1s activated to retract seat belt
onto the spool and blocked to limit force through the
second force limiting element, and wherein the lock-
ing mechanism 1s activated to limit belt force through
the first force limiting element.

2. The retractor of claim 1, wherein the second load limait-
ing mode includes a pretensioning phase wherein the drive
mechanism of the pretensioner rotates the spool, and a load
limiting phase wherein the drive mechanism i1s blocked
throughout the entire load limiting phase.

3. The retractor of claim 1, wherein the drive mechanism
includes a driven element that, after being driven and rotating
the spool, substantially maintains its position throughout the
entire 1impact event.

4. The retractor of claim 1, wherein the second force lim-
iting element absorbs belt force caused by the occupant press-
ing on the seat belt.

5. The retractor of claim 1, wherein the first load limiting
mode provides a low constant load limitation characteristic.

6. The retractor of claim 1, wherein the second load limi-
tation mode provides a high constant load limitation charac-
teristic.

7. The retractor of claim 1, wherein the second load limi-
tation mode provides degressive load limitation.

8. The retractor of claim 1, wherein the first and second
force limiting elements are torsion bars that deform under a
predetermined load.

9. The retractor of claam 1, wherein the drive mechanism
includes a pyrotechnic charge.

10. The retractor of claim 9, wherein the drive mechanism
1s blocked by maintaining pressure generated by the pyro-
technic charge.

11. The retractor of claim 1, wherein the drive mechanism
1s an electric motor.

12. The retractor of claim 1, wherein the drive mechanism
includes a one-way locking element.

13. The retractor of claim 12, wherein the one-way locking
clement includes a spring biased lever.

14. The retractor of claim 12, wherein the one-way locking
clement 1s activated only upon activation of the drive mecha-
nism of the pretensioner.

15. The retractor of claim 14, wherein the one-way locking
clement 1s originally maintained 1n an unlocked position by a
retaining tap, and wherein activation of the drive mechanism
causes a moving ¢lement to engage the retaining tap and
release the one-way locking element to 1ts locked position.

16. A method for restraining an occupant of an automobile
having seat belt securing the occupant and a sensor detecting
an 1mpact event, and generating a pretension signal, the
method comprising:

providing a retractor having a pretensioner, a spool, a first
force limiting element, a second force limiting element,
and a locking mechanism, the spool recerving a portion
of the seat belt, the first force limiting element opera-
tively connecting the spool and locking mechanism, the
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pretensioner having a drive mechanism, the second
force limiting element operatively linking the spool and
drive mechanism;

activating the drive mechanism of the pretensioner based
on the pretension signal indicative of an impact eventto 3
retract seat belt onto the spool; and

maintaining the position of the drive mechanism of the
pretensioner throughout the impact event to provide load
limitation via the second force limiting element.

17. The method of claim 16, wherein the step of maintain-
ing the position of the drive mechanism includes the second
force limiting element absorbing belt force caused by the
occupant pressing on the seat belt.

18. The method of claim 16, further comprising the step of
activating the locking mechanism to limit belt force through 13

the first load limiting element.

19. The method of claim 16, wherein the step of activating
the drive mechanism 1ncludes activating a one-way locking,
clement for maintaining the position of the drive mechanism
of the pretensioner.

20. A retractor for seat belt restraining system in an auto-
mobile having seat belt restraining an occupant and a sensor
detecting a potential crash event, the retractor comprising:
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a spool receiving a portion of the seat belt;

a first force limiting element connected to the spool;

a locking mechanism operatively connected to the spool
through the first force limiting element;

a second force limiting element connected to the spool;

a pretensioner having a drive mechamism and a driven
clement operatively connected to the spool through the
second force limiting element and structured such that
movement of the driven element causes rotation of the
spool to tension the seat belt; and

the pretensioner including a one-way locking element that
1s activated only upon initiation of the pretensioner and
its drive mechanism, the one-way locking element
blocking movement of the driven element of the drive
mechanism to prevent rotation of the spool and pay out
the seat belt.

21. The retractor of claam 1, wherein the pretensioner

includes a driven element responsive to the drive mechanism
and structured to cause rotation of the spool to retract the seat
20 beltupon activation of the drive mechanism, and wherein the
driven element 1s blocked after 1t rotates the spool to limait

force through the second force limiting element.
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